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red pegmatite, granite, white quartz, gray 
limestone and dolomite, red sandstone, and 
dark-gray basalt. Boulders as large as 43 
em in diameter; contains calcite cement. 
Unconformably overlies or intertongues 
with fine-grained sediments of the Muddy 
Creek 

Rocks of the Grand Wash Trough (informal 
name)-Composed of a lower conglom­
erate facies and an upper sandstone and 
siltstone facies, undivided. Lower conglom­
erate facies consists of a light-gray and 
brown, ledge and slope-forming conglom­
erate; poorly sorted, poorly bedded. Clasts 
locally derived from Virgin Mountain area 
of Proterozoic gneiss and Paleozoic car­
bonate rocks. Intercalated with sandstone 
and siltstone facies. Variable thickness, 
conglomerate may be locally as thick as 
600 min subsurface. Upper sandstone and 
siltstone facies consists of pinkish-red to 
orange-red, slope-forming sandstone, silt­
stone, and minor amounts of conglomer­
ate. Sandstone is medium-to fine-grained, 
gypsifereous, silty and clayey carbonate 
matrix. Conglomerate beds contain small 
subrounded to angular clasts of Protero­
zoic crystalline rocks; clasts are well sorted, 
matrix supported, and commonly found on 
crossbed surfaces. Upper sandstone and 
siltstone facies thickness ranges from 0 to 
450 m, thickening southeastward. Rocks 
of the Grand Wash Trough unconformably 
overlie members of the Horse Spring 
Formation as an angular unconformity 
(Beard, 1996). About 62 m exposed along 
Virgin River 

Rainbow Gardens Member of the Horse 
Spring Formation (Miocene)-Named the 
Cottonwood Wash Formation by Moore 
(1972), but because these rocks have close 
lithologic and stratigraphic similarity to 
the Rainbow Gardens Member of the 
Horse Spring Formation, this usage is fol­
lowed herein as used by Bohannon ( 1984 ). 
Divided into: 

Limestone unit-Pale-brown, pinkish-white, 
and light-gray, medium-to coarse-grained, 
thin- to medium-bedded, crystalline, cliff­
forming limestone and intraformational 
limestone breccia; nonmarine, lacustrine. 
Wavy, parallel, and continuous beds about 
0.1 to I m thick. Gradational contact with 
underlying Tuffaceous limestone unit. 
About 75 to 100 m thick 
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Thrt Tuffaceous limestone and sandstone unit-
Green to white tuffaceous, cliff-forming 
limestone and crystalline limestone 
interbedded with green to light-brown, 
ledge-forming calcareous sandstone and 
tuffaceous sandstone and slope-forming 
white claystone. Unit is nonmarine and 
airfall-tuff beds are rare. Tuffaceous lime­
stone beds are 2- to 50-cm thick; calcar­
eous sandstone and tuffaceous sandstone 
beds are 0.5 to 1 m thick; laminated 
claystone beds are 1 to 5 m thick; claystone 
beds more common in upper part. Sand­
stone is conglomeratic in places with small, 
rounded clasts of chert, quartzite, and 
carbonate fragments (probably Paleozoic) 
in carbonate matrix. Unconformable contact 
with underlying conglomerate unit. 50 to 
100 m thick 

Thrc Conglomerate unit-Brown and red-brown, 
nonmarine, cliff-forming, well-sorted con­
glomerate. Bedding is poorly defined and 
discontinuous. Clasts are subrounded to 
subangular cobbles and pebbles from 1 to 
70 em in diameter. Conglomerate is clast 
supported in sandy, calcareous matrix. 
Unconformable contact with the Willow 
Tank Formation (Kwt). 3 to 50 m thick 

Kwt Willow Tank Formation (Lower Cretaceous)-
Outcrops in Grand Wash Trough, east flank 
of Virgin Mountains, Basin and Range. 
Red, gray, brown, and tan, nonmarine 
claystone, siltstone, sandstone, and con­
glomerate. Conglomerate occurs mostly at 
base as discontinuous unit, but also oc­
curs throughout formation in small amounts. 
Named the Jacobs Ranch Formation by 
Moore ( 1972), but called the Willow Tank 
Formation by Bohannon (1991) because 
of its close lithologic similarity to the 
Willow Tank Formation in North Muddy 
Mountains, 60 km west of this map. area 
in southern Nevada (Longwell, 1949). 
Unconformable contact with the underlying 
Navajo Sandstone. About 60 m thick 

J'Rn Navajo Sandstone (Jurassic and Triassic?)-
Outcrops in Grand Wash Trough, east flank 
of Virgin Mountains, Basin and Range. Red 
and less commonly pale-yellow to white, 
cliff-forming, fine-grained, well-sorted, 
quartz arenite sandstone; eolian. Discon­
tinuous, nonparallel beds with large-scale 
(as much as 10 m thick) planar cross­
stratification. Sand grains are frosted, very 
well rounded quartz. Correlative with, and 



lithologically identical to, the Aztec Sand­
stone of southeastern Nevada. Gradational 
and intertonguing contact with the under­
lying Kayenta and Moenave Formations, 
arbitrary map boundary. About 850 to 1,100 
m thick 

"R Km Kayenta and Moenave Formations, undivided 
(Upper Triassic?)-Outcrops in upper 
Grand Wash Trough of Basin and Range, 
and north of this map in St. George Basin 
area. Upper part is the Kayenta Formation; 
red, fine-grained, thick-bedded, very well 
sorted, ledge- and slope-forming sandstone 
and siltstone. Includes large-scale cross­
stratification sets similar to that of the Na­
vajo Sandstone; interbedded with thin-bedded, 
fine-grained sandstone and red siltstone. 
Gradational and arbitrary contact between 
the Kayenta and Moenave Formations. 
Lower part is the Moenave Formation; brick 
red and dark-red, fine-grained, well-sorted, 
slope-forming sandstone and siltstone. Low­
angle cross-stratification common in sand­
stone beds. Gradational contact with the 
underlying Chinle Formation, arbitrary map 
boundary placed at top of first white car­
bonate beds or purple siltstone beds of the 
Chinle. Combined thickness about 170m 

Chinle Formation (Upper Triassic)-Includes, 
in descending order, the Petrified Forest 
and Shinarump Members as used by Stewart 
and others ( 1972). Outcrops mapped in 
Black Rock and Virgin Mountain area of 
Basin and Range and north edge of map 
in St. George Basin and Uinkaret Plateau 
of Colorado Plateau. Divided into: 

"Rep Petrified Forest Member-White, blue-gray, 
green-gray, pale-red, and purple-red, slope­
forming mudstone, siltstone, and coarse­
grained sandstone. Contains bentonitic clays 
derived from decomposition of volcanic 
ash. Only lower part of unit is exposed in 
map area (northeast corner). Mostly covered 
by stream-channel alluvium (Qs ), dune sand 
(Qd), floodplain (Qf), young alluvial ter­
race (Qgy), and colluvial (Qc) deposits. 
Unconformable contact with the underlying 
cliff-forming Shinarump Member; locally 
fills channels eroded into the Shinarump 
Member. About 60 m thick 

"Res Shinarump Member-Orange-brown, 
black, tan, cliff-forming, cross-stratified 
to massive-bedded, coarse-grained, pebble 
conglomerate and conglomeratic sandstone. 
Weathers brown or black. Includes lenses 
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or channel-fill troughs of pebbles and cobbles 
composed of well-rounded quartzite, black 
metamorphic clasts, and chert in coarse­
grained sandstone matrix. About 30 percent 
of clasts are black, well-rounded quartzite 
or chert. Includes flat-bedded and medium­
trough cross-bedding sets of medium-grained 
sandstone and conglomerate. Includes 
petrified wood fragments and logs. Uncon­
formable contact with the underlying upper 
red member ("Rmu) of the Moenkopi For­
mation, fills erosional channels as much 
as 5 m deep. Unit mined for natural stone 
in quarries, for "picture stone" in upper 
part. Picture stone is light-red to brown, 
coarse-grained, cross-bedded, sandstone 
that contains prominent red and black iron­
stained Liese gang banding. Variable thick­
ness as channel fill, thickest at Lost Spring 
Mountain, where it forms resistant caprock 
of Lost Spring Mountain (northeast corner 
of map). Thickness ranges from 0 to 55 m 

Moenkopi Formation (Middle? and Lower Tri­
assic)-Divided into, in descending order, 
the upper red, Shnabkaib, middle red, Vir­
gin Limestone, lower red, and Timpoweap 
Members as used by Stewart and others 
( 1972). Boundary between Middle? and 
Lower Triassic lies within the upper red 
member (Morales, 1987). Formation as a 
whole gradually thickens northwesterly 
across map area. Divided into: 

Upper red member (Middle? and Lower 
Triassic)-Heterogeneous sequence of 
cliff- and slope-forming red conglomer­
ate, sandstone, siltstone, mudstone, and 
minor gray gypsum. Erosional unconformity 
at bottom of lowest red sandstone cliff 
(middle part of unit) at Lost Spring 
Mountain has relief as much as 2 m and 
may represent boundary between Middle 
and Lower Triassic (not shown on map). 
Most complete and thickest exposure is 
at Lost Spring Mountain (northeast cor­
ner of map), limited exposure elsewhere 
due to erosion and landslide-debris cover 
such as at Black Rock, Wolf Hole, 
Seegmiller, and Little Black Mountains 
(north-central part of map). Arbitrary 
contact with the underlying Shnabkaib 
Member placed in slope at top of high­
est thick white siltstone and dolomite bed 
of the Shnabkaib. Top of unit beveled by 
erosion. Unit thickens from about 30 m, 
southwestern part of map, to about 73 m 
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at Lost Spring Mountain area 
Shnabkaib Member (Lower Triassic)­

Interbedded and intertonguing, white, light­
gray, laminated, slope-forming, aphanitic 
dolomite, silty gypsum, and red siltstone. 
Includes red, thin-bedded mudstone, silt­
stone, and sandstone beds in lower and 
upper part. Exposed locally below late 
Pliocene basalt-capped mountains in north­
central part of map and at Lost Spring 
MountaiQ.. Gradational contact with the 
middle red member placed at base of lowest 
bed of white or light-gray dolomitic lime­
stone or gypsiferous siltstone of the 
Shnabkaib Member. Thickness variable 
because of arbitrary contacts; regionally 
thickens northwesterly across map area 
from 115 to 210 m 

Middle red member (Lower Triassic)-Red­
brown, thin-bedded, slope-forming, lami­
nated siltstone and sandstone, white and 
gray gypsum, minor white platy dolomite, 
green siltstone, and gray-green to red 
gypsiferous mudstone. Includes abundant 
veinlets of gypsum in siltstone. Gradational 
contact with the Virgin Limestone Mem­
ber placed at top of highest gray limestone 
bed of the Virgin Limestone Member. Unit 
gradually thickens northeasterly across map 
area from 45 to 55 m 

Upper red member, Shnabkaib Member, 
and middle red member, undivided 
(Middle? and Lower Triassic)-In Grand 
Wash Trough area, used where the upper 
red, Shnabkaib, and middle red cannot be 
easily differentiated from one another, or 
where one or more of those members are 
absent or covered. Lithologic descriptions 
are same as above. Units are generally 
slope-forming; have conformable contact 
with the underlying Virgin Limestone 
Member ("Rmv) or undifferentiated lower 
part of the Moenkopi Formation ("Rmb ). 
Units dip southeast along east flank of 
Virgin Mountains and are mostly covered 
by alluvial deposits. Unit as a whole thick­
ens northward to about 235 m 

Virgin Limestone Member (Lower Trias­
sic)-Consists of three and sometimes four, 
light-gray, thin-bedded to thinly-laminated, 
ledge-forming limestone beds, 1 to 22 m 
thick, separated by slopes of white to pale­
yellow, red, and blue-gray, thin-bedded, 
gypsum and gypsiferous siltstone. Includes 
thin beds of brown, red, and green silt-
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stone, gray limestone, green mudstone, and 
brown platy calcarenite. Basal limestone 
bed contains abundant small echinoderm 
columnals with star shaped interiors and 
small, poorly preserved brachiopods in top 
part of bed, and fossil algae in next two 
upper limestone beds. Limestone beds 
thickest at north edge of map, thinning to 
two limestone beds at south edge of map. 
Lowest limestone bed is thickestand most 
extensive in map area. Unconformable 
contact with the lower red member. Lowest 
limestone bed thickens and thins as part 
of channel fill cut into the lower red 
member as much as 3 m deep in north­
east quarter of map area. Unit as a whole 
thickens northward across map area from 
about 25 to 60 m 

Lower red member (Lower Triassic )-Red, 
thin-bedded, slope-forming, sandy siltstone, 
interbedded with gray, white, and pale­
yellow laminated gypsum and sandstone. 
Lower beds contain reworked gypsum and 
siltstone of the Harrisburg Member (Pkh) 
of the Kaibab Formation. Lower part 
includes a marker bed of reddish-gray, 
coarse-grained to conglomeratic, thin­
bedded, calcareous, low-angle cross-strati­
fied, ledge-forming sandstone 2 to 4 m thick 
from Hurricane Cliffs eastward. Marker 
bed includes raindrop impressions and rare 
carbonaceous plant fossils stained green 
by malachite copper minerals near Short 
Creek (northeast quarter of map). 
Interbedded or gradational contact with 
underlying limestone, sandstone, or con­
glomerate of the Timpoweap Member 
("Rmt); otherwise unconformable contact 
with the Harrisburg Member (Pkh) of the 
Kaibab Formation. Locally fills 
paleovalleys eroded into the underlying 
Kaibab Formation or pinches out onto 
paleohills of the Kaibab. Thickness ranges 
from 0 to 85 m with thickest deposits in 
northeast quarter of map area 

Timpoweap Member (Lower Triassic)-On 
Colorado Plateau area, includes an upper 
and lower part. Upper part consists of gray, 
cliff-forming, light-gray, fine-grained, 
thick-bedded sandy limestone as much as 
·3 m thick overlying conglomerate in 
eastern-most outcrops; includes gray, 
interbedded, coarse-grained, low-angle 
cross-bedded sandstone locally containing 
small chert pebbles. Lower part consists 
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mainly of cliff- and slope-forming, gray, 
dark-gray, white and red-brown. conglom­
erate consisting of subangular to rounded 
pebbles and cobbles of limestone, chert, 
and quartzite derived from the Kaibab 
Formation. Includes yellow, red-brown, 
interbedded, calcareous, thin-bedded, cross­
stratified, sandstone, siltstone, gray gypsif­
erous siltstone, and yellow to gray, 
thin-bedded sandy limestone. Conglomerate 
is pebble-supported in most areas with 
pebbles compressed into one another; where 
matrix-supported, matrix is gray limestone 
and coarse-grained sandstone. Conglom­
erate clasts are as much as 30 em in dia­
meter throughout map area. Unconformable 
contact with the underlying Harrisburg 
(Pkh) and Fossil Mountain (Pkf) Members 
of the Kaibab Formation as Triassic 
paleovalleys (fig. 1, on map sheet). Imbri­
cation of pebbles in conglomerate indicates 
easterly flow of depositing streams. Aver­
age paleovalley width is about 305 m at 
bottom with sloping paleovalley walls that 
widen upward to about 490 m or more. 
Paleovalley depths range from about 45 
to 110 m. Paleovalley names (fig. 1, on 
map sheet) are from Billingsley (1990a, 
b, c, d; 1991a, b). Rock Canyon Conglom­
erate was proposed and abandoned by 
Gregory ( 1948, 1952), used by Nielsen 
and Johnson (1979), and Nielsen (1986, 
1991). Timpoweap Member of the Moenkopi 
Formation is used in this report as used by 
Stewart and others (1972). Unit as a whole 
thickens from west to east across map area 
and is largely confined to narrow deeper 
paleovalleys in western part of map, more 
widespread and confined to shallower 
paleovalleys in eastern part of map. Thick­
ness ranges from 0 to as much as 110 m 

Basal members, Virgin Limestone Mem­
ber and lower red member, undivided 
(Lower Triassic)-In Grand Wash Trough 
area, used where the Virgin Limestone 
Member and lower red member cannot be 
easily differentiated from one another or 
where one or more of those members are 
absent. Virgin Limestone Member; light 
olive-gray to light-gray, ledge- and slope­
forming, aphanitic to very finely crystalline, 
thinly laminated limestone beds that range 
from about 10 em to 1 m thick, separated 
by brownish-gray, greenish-gray, and light 
olive-gray siltstone. Limestone beds contain 
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marine fossils of crinoids, pelecypods, 
gastropods, cephalopods, worm trails, and 
crustaceans (Poborski, 1954). Lower red 
member; grayish-red and light-brown, 
gypsiferous, ripple-laminated, slope­
forming siltstone and cross-stratified sand­
stone. In places, includes conglomerate at 
base that may be the Timpoweap Mem­
ber of the Moenkopi Formation, but not 
differentiated. Unconformable contact with 
the Kaibab Formation difficult to locate 
because of similar lithologies between the 
Harrisburg Member (Pkh) of the Kaibab 
and the lower red member ("Rml) of the 
Moenkopi Formation. Average thickness, 
about 70 m 

"Rmlt Lower red member and Timpoweap Member 
undivided (Lower Triassic)-On Colorado 
Plateau, same lithologies as the lower red 
member ("Rml) and the Timpoweap Mem­
ber ("Rmt) of the Moenkopi Formation as 
interbedded mixed lithologies. Fills shallow 
paleovalleys eroded into the Harrisburg 
Member (Pkh) of the Kaibab Formation 
that form tributary paleovalleys to major 
paleovalleys. Unconformable contact with 
the Harrisburg Member (Pkh) of the Kaibab 
Formation; unit locally eroded away or 
obscured where overlain by alluvial de­
posits. Variable thickness 5 to 20 m 

Kaibab Formation (Lower Permian)-Divided 
into, in descending order, the Harrisburg 
and Fossil Mountain Members as defined 
by Sorauf and Billingsley (1991). Formation 
as a whole thickens northwestward across 
map area. Divided into: 

Pkh Harrisburg Member-Includes an upper, 
middle, and lower part. Upper part con­
sists mainly of slope-forming, red and gray, 
gypsiferous siltstone, sandstone, gray 
gypsum, and thin-bedded gray limestone. 
Includes caprock of resistant, pale-yellow 
or light-gray, fossiliferous (mollusks and 
algae) sandy limestone averaging about 1 
m thick that weathers black or brown 
(Billingsley, 1970). Upper part is mostly 
eroded from west two-thirds of map area 
and locally covered by basalt. Thickest 
deposits are as much as 50 min St. George 
Basin area; unit gradually thins southward 
across map area. Gradational contact with 
middle part. Middle part consists of two 
cliff-forming limestone beds that together 
gradually thicken from 6 m to as much as 
14m southeastward across map area. Top 
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bed is gray, thin-bedded, cherty limestone 
that weathers dark brown or black, often 
forming bedrock surface of the exposed 
Harrisburg Member (Pkh) on Colorado 
Plateau. Bottom bed is light-gray to white, 
thick-bedded, sandy limestone separated 
from top bed by thin-bedded gypsiferous 
sandstone. Both beds thicken and thin at 
expense of each other; bottom bed fills 
erosional channels as much as 4 m deep. 
Erosional unconformity separates middle 
part from lower part. Lower part consists 
of slope-forming, light-red, fine- to medium­
grained gypsiferous siltstone and sandstone; 
interbedded with gray, medium-grained, 
thin-bedded limestone and gray to white, 
massive-bedded gypsum. Lower part main­
tains uniform thickness across map area 
of about 40 m, gradually thinning south­
eastward. Solution of gypsum in lower part 
has locally distorted limestone beds of 
middle part causing them to slump or bend 
into local drainages. Gypsum is mined from 
lower·part about 5 km south of Interstate 
Highway 15, northwestern part of map area. 
Gradational contact between the slope­
forming Harrisburg Member and the cliff­
forming Fossil Mountain Member. 
Harrisburg Member locally removed by 
erosion of paleovalleys and subsequently 
filled by the Timpoweap and the lower red 
members (limt and liml) of the Moenkopi 
Formation (fig. 1, on map sheet). Harris­
burg deposits occupy wide northwest-trend­
ing trough-like embayment across map area; 
thickest deposits as much as 107 m in 
northwest quarter of map; as much as 80 
m thick in central Grand Canyon area 
(Billingsley, 1970) 

Fossil Mountain Member-Yellow-gray to 
light-gray, fine- to medium-grained, thin­
bedded, cliff-forming, fossiliferous, sandy, 
cherty limestone. Unit characterized by 
black-weathering chert bands in cliff out­
crops. Intergrades with the overlying 
Harrisburg Member; arbitrary contact 
placed at uppermost cherty limestone cliff, 
which is difficult to locate in flatland 
exposures. Locally cut into by paleovalley 
erosion and subsequently filled with de­
posits of the Timpoweap Member (limt) 
and the lower red member (liml) of the 
Moenkopi Formation. Unconformable 
contact with the underlying Woods Ranch 
Member (Ptw) of the Toroweap Formation. 
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Unconformity has local relief of as much 
as 4.6 m; contact mostly covered by ta­
lus and landslide debris. Unit as a whole 
maintains uniform thickness throughout 
map area averaging about 92 m, gradually 
thinning east and south of map area and 
thickening southwestward (86 m thick in 
central Grand Canyon [Billingsley, 1970]) 

Toroweap Formation (Lower Permian)-On 
Colorado Plateau, divided into, in descend­
ing order, the Woods Ranch, Brady Can­
yon, and Seligman Members as defined by 
Sorauf and Billingsley (1991 ). In Basin 
and Range, divided into, in descending 
order, the Woods Ranch Member and lower 
part which includes the Brady Canyon and 
Seligman Members undivided (Bohannon 
and others, 1991): 

Woods Ranch Me~ber-Gray gypsiferous 
siltstone and pale-red silty sandstone 
interbedded with white to gray, laminated 
to massive-bedded gypsum. Commonly 
covered by talus and landslide debris. 
Gradational contact with the underlying 
Brady Canyon Member is placed at litho­
logic break between limestone cliff of the 
Brady Canyon Member (Ptb) and siltstone­
gypsum slope of the Woods Ranch Member 
(Ptw). Much local subsidence and distortion 
of beds from solution of gypsum within 
unit. Thickest deposits ( 110 m) are along 
Hurricane Cliffs, east-central part of map 
area, gradually thinning east, west, and 
south from this area. Locally thins and 
thickens from 30 to 110 m owing to 
solution of gypsum 

Brady Canyon Member-Gray, fossilifer­
ous, medium-bedded, medium- to coarse­
grained, cliff-forming limestone, weathers 
dark-gray. Includes thin beds of dolomite 
in upper and lower parts. Gradational 
contact with the underlying Seligman 
Member; contact placed at lithologic and 
topographic break between cliff-forming 
limestone and slope-forming sandstone. 
Thickest deposits are along the Grand Wash 
Cliffs, southwest quarter of. map area (about 
90 m), gradually thinning eastward to about 
65 m, central Grand Canyon area 
(Billingsley, 1970) 

Seligman Member-Gray, thin-bedded, 
ledge-forming sandy limestone in upper 
part; gray to red, slope-forming, thin­
bedded, interbedded calcareous and gypsif­
erous sandstone, siltstone, silty limestone, 
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dolomite, and gypsum in middle part; and 
brown, purple, ·and yellow, slope-forming, 
fine- to medium-grained, thin-bedded, low­
to high-angle crossbedded and planar­
bedded sandstone in lower part. Includes 
gray-brown, cliff-forming, high-angle 
crossbedded sandstone bed in lower part 
that thickens and thins along Grand Wash 
Cliffs northward to Virgin River Canyon, 
and thickens westward to form large cliff 
as much as 50 m high in Virgin Moun­
tains area; often called the Coconino 
Sandstone (Bohannon, 1991; Bohannon and 
others, 1991; Billingsley, 1997b). Recent 
mapping by Billingsley (unpub. data d) 
suggests that the Coconino Sandstone may 
intertongue with the Seligman Member 
(Pts) of the Toroweap Formation. Over­
all, unit forms steep slope. Erosional contact 
with the underlying Hermit Formation 
placed between gray-brown, high-angle, 
cross-bedded sandstone, or slope-forming, 
gypsiferous, flat-bedded sandstone of the 
Seligman Member (Pts) and red or pale­
yellow, thick-bedded, ledge-forming sand­
stone of the Hermit Formation (Ph). 
Thickness ranges from 8 to 50 m 

Toroweap Formation, lower part undivided­
Includes the Brady Canyon and Seligman 
Members (Ptb and Pts) as defined above, 
but combined in Basin and Range area of 
map because the Seligman Member is too 
thin to show at this map scale (Bohannon 
and others, 1991). Combined thickness 
about 70 m 

Hermit Formation (Lower Permian)-Con­
sists of an upper steep-slope-forming, pale­
yellow to light-red, massive, calcareous, 
fine-grained sandstone, grading downward 
into a middle sequence of ledge-forming, 
interbedded white and light-red, medium­
bedded, fine-grained sandstone and thin­
bedded red siltstone, grading downward 
into lower cliff-forming, white, cross­
bedded, medium- to fine-grained sandstone; 
lower part includes interbedded dark-red, 
thin-bedded, lenticular siltstone beds 
between cross-bedded sets. Most, if not 
all sandstone was originally a light-red 
color, later bleached to white or pale-yellow. 
Unit as whole is slope forming, coarse 
grained, and stratigraphically equivalent to 
Hermit Formation (Shale) in Grand Can­
yon. Unit changes south and west into a 
mostly red, medium- to fine-grained sand-

Pep 

19 

stone and siltstone, and changes northwest­
ward to an all white sandstone in the Virgin 
River canyon area (Billingsley, 1997b). In­
formally includes an upper sandstone unit, 
a middle sandstone and siltstone unit, and 
a lower sandstone unit. Upper unit is about 
60 m thick in the Virgin River canyon, 
thickens northwestward and thins south and 
southeastward; middle unit is a sandstone 
and siltstone sequence, about 213 m in 
Virgin River canyon area, thickens north­
westward and thins southeastward. Lower 
unit is 60 m thick and equivalent to upper 
slope units of the Esplanade Sandstone of 
McKee (1982) in western and central Grand 
Canyon, but is included as part of the 
Hermit Formation in this map area; lower 
60 m thins southeastward and thickens 
northwestward. Arbitrary contact between 
the Hermit Formation and the Queantoweap 
Sandstone placed at lowest red siltstone 
bed in cliff of white sandstone in Virgin 
River canyon area, erosional contact at base 
of red slope-forming sandstone-siltstone 
sequence and top of white sandstone cliff 
of the Esplanade Sandstone along the Grand 
Wash and Hurricane Cliffs. Unit as a whole 
thickens west and northwestward (thick­
ness unknown), thins southeastward to 
about 200 m in central Grand Canyon 
(Billingsley, 1970), and thins northeast­
ward to about 137 m along upper Hurri­
cane Cliffs area (Billingsley, 1997b). 
Maximum thickness, Virgin River canyon, 
about 333 m 

Esplanade Sandstone and Pakoon Limestone 
(Lower Permian)-On Colorado Plateau, 
light-brown to light-red, white, fine- to 
medium-grained, thick cross-bedded (sets 
3 to 12m thick), cliff-forming sandstone. 
The name Esplanade Sandstone is restricted 
to the Grand Wash Cliffs, Grand Canyon, 
and the Hurricane Cliffs of the Colorado 
Plateau; includes the Pakoon Limestone 
of MeN air ( 19 51) that intertongues into the 
basal part of the Esplanade Sandstone of 
McKee (1982). Pakoon Limestone is gray, 
medium- to coarse-grained, thin-bedded, 
cliff-forming limestone and sandy dolo­
mite; weathers brown-gray with sugary 
texture. Limestone and dolomite beds sepa­
rated by gray-purple, thin-bedded siltstone 
and sandstone beds; limestone is fossil­
iferous in upper part; includes lenses and 
pods of brown chert. Locally trough cross-
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stratified. The Pakoon Limestone is in­
cluded in the upper part of the Callville 
Limestone (or the Bird Spring Formation) 
in the Virgin River canyon area and Virgin 
Mountain area (Bohannon and others, 
1991). The Pakoon Limestone intertongues 
with lower part of the Esplanade Sandstone 
along Hurricane Cliffs and in western Grand 
Canyon areas. Forms a disconformable con­
tact with the underlying Callville Lime­
stone that is difficult to locate; contact can 
be narrowed down by fossil faunas between 
Lower Permian and Upper Pennsylvanian 
types. Thickness about 13 7 m along Grand 
Wash Cliffs. Equivalent to the Queantoweap 
Sandstone at Virgin River canyon and Vir­
gin Mountain area (Billingsley, 1997b). Unit 
is 175 m thick along Hurricane Cliffs, north­
eastern part of map area, thinning southward 
to about 115m thick in central Grand Can­
yon (Billingsley, 1970); about 160m thick 
along Grand Wash Cliffs 

Queantoweap Sandstone (Lower Permian)­
In Virgin Mountains and Virgin River can­
yon (northwest quarter of map area): tan 
and white, fine-grained to very fine grained, 
medium- to thick-bedded (2 to 3m), cross­
stratified cliff- or ledge-forming sandstone. 
Includes pale-red, thin-bedded silty sand­
stone beds between cross-bedded sets in 
upper part. Cross-stratification includes 
mixed high-angle and low-angle cross­
stratified sets representing both eolian 
coastal or marine offshore dune environ­
ment. Locally includes gypsiferous facies 
of Bohannon and others ( 1991 ). Locally 
confined to small area north of Virgin River 
canyon, northwest corner of map area: red­
brown, red, gray-brown, and yellow-brown, 
silty, sandy, slope-forming gypsum. Gyp­
sum comprises about 20 to 30 percent of 
unit. Bedding irregular and poorly defined. 
This is only place where gypsum is present 
in the Queantoweap Sandstone, Pakoon 
Limestone, and Callville Limestone region­
ally. May have once been more widespread, 
but, if so, has been removed from most areas 
by dissolution (Bohannon and others, 1991). 
Gradational contact with underlying gypsif­
erous unit (PIPeg) and the upper Callville 
Limestone (PIPe), 0 to 100 m thick. The 
name Queantoweap Sandstone applies to 
the Virgin River canyon, Virgin Mountains, 
and Beaver Dam Mountains of southeast­
ern Nevada and southwestern Utah 
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(Billingsley, 1997b). Unit thickens north­
westward from the Virgin River becoming 
indistinguishable from, and including, 
overlying sandstone beds of the Hermit 
Formation. The Queantoweap Sandstone 
may need to be renamed in future studies 
north of Virgin River canyon because the 
term "Queantoweap" is an obsolete Grand 
Canyon term (replaced by the term Espla­
nade Sandstone). About 124m thick at Virgin 
River canyon 

Callville Limestone (Lower Permian; Upper, 
Middle, and Lower Pennsylvanian)-In 
Basin and Range, Virgin Mountains, and 
Virgin River canyon areas, upper part in­
cludes rocks mapped as the Pakoon Lime­
stone, and lower part includes rocks mapped 
as the Callville Limestone by Hintze 
(1986); also includes rocks mapped as the 
Bird Spring Formation by Bohannon and 
others (1991). Divided into: 

PIPe Limestone, cherty limestone, arenaceous 
limestone, and calcareous sandstone­
Gray, light-gray, and white, thin- to 
medium-bedded (0.5 to 1 m thick), ledge­
forming arenaceous ·limestone; weathers 
brown and yellow-brown; chert pods and 
lenses are brown. Cross-bedding common 
in sandstone and sandy limestone beds. 
Cherty limestone is about 10 to 30 per­
cent of formation; arenaceous limestone 
and calcareous sandstone interbedded with 
limestone form about 10 to 20 percent of 
formation. Basal 10 m of formation is 
slope-forming silty limestone and reddish­
weathered siltstone. Unit highly fossiliferous 
in west half of map and gradually thickens 
westward across map area. Average thick­
ness about 360 m 

PIPeg Gypsiferous facies-Gray, thin-bedded (1 m 
to 20 em thick), slope-forming, gypsiferous 
dolomite alternating with white gypsum 
beds. Unit is present in upper part of the 
Callville Limestone (Pakoon Limestone 
equivalent) and restricted geographically 
to same area as gypsiferous facies of lower 
part of the Queantoweap Sandstone. Fa­
cies is an uncommon local occurrence 
of evaporite deposition of the Callville 
Limestone. Grades laterally into gray 
limestone of the Callville Limestone. 
Lower part of the Callville may, in part, 
be Early Mississippian age based on Mis­
sissippian conodonts in the Watahomigi 
Formation of the Supai Group in Grand 
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Canyon (Martin and Barrick, 1999). Ero­
sional and topographical contact between 
slope-forming siltstone-limestone beds 
of the Callville Limestone and the cliff­
forming Redwall Limestone. 0 to 100m 
thick 

Redwall Limestone (Upper and Lower Mis­
sissippian)-Equivalent to the Monte 
Cristo Limestone of Basin and Range 
(Hewett, 1931). Consists of four members 
in Grand Canyon as described by McKee 
(1963). Undivided members include, in de­
scending order, the Horseshoe Mesa Mem­
ber (lithologic equivalent to the Yellowpine 
Member of the Monte Cristo Limestone; 
basal part lithologic equivalent to the Ar­
rowhead Member of the Monte Cristo 
Limestone); the Mooney Falls Member 
(lithologic equivalent to the Bullion 
Member of the Monte Cristo Limestone); 
the Thunder Springs Member (lithologic 
equivalent to the Anchor Member of the 
Monte Cristo Limestone); and the 
Whitmore Wash Member (lithologic 
equivalent to the Dawn Member of the 
Monte Cristo Limestone). Horseshoe Mesa 
Member: brownish-gray, medium-grained, 
thin-bedded (0.5 to 1 m thick), ledge and 
cliff-forming limestone; includes minor 
amounts of brownish chert nodules and 
lenses. Basal part is dark-gray, very thin 
bedded ( 10 to 20 em thick), aphanitic, 
recessive, 10-m-thick limestone; weathers 
yellowish-brown. Mooney Falls Member: 
medium-gray, medium- to coarse-grained, 
massive to thick-bedded, cliff-forming, 
bioclastic limestone. Thunder Springs 
Member: medium-gray, medium- to coarse­
grained, thin-bedded, cliff-forming, 
bioclastic limestone interbedded with white 
to gray chert lenses and beds that weather 
brown or black. Chert lenses and beds 5 
to 20 em thick; amount of chert varies from 
20 to 50 percent of member. Whitmore 
Wash Member: medium to dark-gray, very 
coarse grained to coarse-grained, massive, 
cliff-forming, crystalline and bioclastic 
limestone and dolomite; weathers light­
gray. The Red wall Limestone forms single 
uniform cliff that generally appears 
unbedded from distance except where chert 
bands of the Thunder Springs Member are 
present. Unconformable contact with the 
underlying Temple Butte Formation. 
Averages about 213 m thick 
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Temple Butte Formation (Upper and Middle 
Devonian)-As defined by Be us ( 1980). 
Mapped as unnamed limestone and dolo­
mite (Bohannon, 1991; Bohannon and 
others, 1991 ). Exposed in Virgin and 
Beaver Dam Mountains, northwest quar­
ter of map area. Dark-gray and medium­
gray, medium- to fine-grained, sugary 
textured, medium-bedded (0.4 to 2 m thick), 
ledge-forming dolomite. Includes thin 
purple-gray siltstone and calcareous sand­
stone beds between larger dolomite beds. 
Probably equivalent to the Valentine 
Member and part of the Crystal Pass 
Member of the Sultan Limestone of Hewett 
(1931). The unconformity at the base of 
the Temple Butte represents a major break 
in the Paleozoic rock sequence during the 
Late Cambrian, most or all of the Ordovi­
cian, all of the Silurian, and most of the 
Early and Middle Devonian time. Thick­
ness ranges from about 60 to 120 m thick 

Nopah Formation (Upper Cambrian)-As 
mapped by Bohannon ( 1991 ), and 
Bohannon and others (1991). Light-gray, 
medium-grained, thin-bedded, ledge­
forming dolomite. Base of unit contains 
yellowish to brownish-gray, thin-bedded, 
discontinuous, slope-forming sandy dolo­
mite that weathers dark or medium brown. 
This basal unit may be the Dunderberg 
Shale Member, but is not differentiated on 
map. Distinguished from underlying do­
lomite by yellow color and slope-forming 
beds at base. About 115 m thick 

Tonto Group (Upper, Middle, and Lower 
Cambrian)-Includes in descending or­
der, the Muav Limestone, Bright Angel 
Shale, and Tapeats Sandstone as defined 
by Noble (1922) and modified by McKee 
and Resser ( 1945); units recognized on the 
basis of their distinct lithologies. All the 
limestone and dolomite lithology in the 
Cambrian sequence belongs to the Muav 
Limestone, the shale and siltstone belong 
to the Bright Angel Shale, and the sand­
stone and conglomerates belong to the 
Tapeats Sandstone 

Muav Limestone (Upper and Middle Cam­
brian)-lncludes in descending order, un­
named light-gray dolomite, 130 m thick; 
informal striped unit, about 75 m thick 
(Bohannon and others, 1991), including 
subdivisions described by McKee and 
Resser ( 1945) and mapped by Bohannon 
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(1991) and Bohannon and others (1991); 
the Havasu Member, about 20m thick; the 
Gateway Canyon Member, about 50 m 
thick; the Kanab Canyon and the Peach 
Springs Members, about 75 m thick; the 
Spencer Canyon, Sanup Plateau, and 
Rampart Cave Members, about 60 m thick. 
Unit mostly comprised of cliff-forming, 
d~k-gray and brown-gray, medium-grained 
to crystalline, thin- to medium-bedded (20 
em to 1 m thick), silty limestone, sandy 
limestone, and dolomite and calcareous 
mudstone; weathers yellow brown, rust 
brown, or brown gray often with sugary 
or pitted surface texture. Includes- green­
ish micaceous shale bed partings between 
limestone beds in upper and lower part. 
Contact with the underlying Bright An­
gel Shale is arbitrarily placed at the bot­
tom of the Rampart Cave Member, which 
in Grand Canyon generally represents a 
topographic and lithologic break between 
limestone cliffs of the Muav Limestone 
and shale slopes of the Bright Angel Shale. 
The lower half of the Muav contains 
unnamed interbedded shale beds that are 
lithologically equivalent to the Bright Angel 
Shale. Unit as a whole is about 410 m thick 
in northwest quarter of map area, thick­
ens northwestward into Nevada and thins 
southeastward to about 200 m in central 
Grand Canyon area 

Bright Angel Shale (Middle Cambrian)­
Described by McKee and Resser ( 1945), 
mapped by Bohannon ( 1991) and Bohannon 
and others (1991). Upper third of unit 
consists of black to dark-gray shale that 
probably correlates to the Chisholm Shale 
of the Basin and Range; overlies dark-gray 
to reddish-gray, thin-bedded, iron-stained, 
ledge-forming limestone that is discontinu­
ous on regional basis; weathers rusty brown; 
is about 10 m thick; may correlate to the 
Lyndon Limestone of the Basin and Range. 
Lower two-thirds of unit consists of black 
to dark-gray, slope-forming shale; weathers 
gray and light brown; contains interbedded 
yellow-brown, thin-bedded sandstone litho­
logically equivalent to the Tapeats Sand­
stone. Beds range from less than 1 em to 
about 5 em thick. Lower unit commonly 
covered by talus or alluvium. Lower unit 
may correlate in part to the Pioche Shale 
of Basin and Range. Arbitrary lithologic 
and topographic contact between slopes 
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of the Bright Angel Shale and cliffs of the 
Tapeats Sandstone. Unit overall thickens 
northwestward and thins southeastward, 
depending on arbitrary boundaries between 
the Muav Limestone and the Tapeats 
Sandstone. Thickness about 60 to 100 m 

£t Tapeats Sandstone (Lower Cambrian)-
Pale-red and light-brown, fine- to medium­
grained, thin-bedded (5 to 50 em thick), 
well-sorted, cliff-forming sandstone and 
quartzite; weathers dark red and yellow 
brown. Upper part is yellow brown and 
lower part is reddish. Most beds have 
low- to moderate-angle cross-stratification. 
Upper part includes thin beds of greeP.­
ish shale between sandstone beds that are 
equivalent to the Bright Angel Shale li­
thology. Variable unconformable contact 
with underlying crystalline rocks. Thickness 
ranges from about 65 to 80 m 

Xc Crystalline rocks, undivided (Early Protero-
zoic)-Gneiss, schist, and granitic rocks. 
Not studied in detail; description follows 
Moore (1972). Garnet-biotite gneiss, 
garnet-sillimanite-biotite schist, gneissic 
hornblendite, granitic gneiss, amphibolite, 
and granitic and gabbroic intrusives. Lo­
cally dikes and sills of coarsely crystalline 
pink granite are abundant in gneiss and 
these masses closely follow grain of 
gneissic foliation and compositional lay­
ering. More or less concordant dike swarms 
of light-colored pegmatite containing 
quartz, feldspar, and muscovite are locally 
abundant. Exposed in Virgin Mountains 
of Basin and Range, northwest quarter of 
map area 
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